We use the LOFAR Two-metre Sky Survey (LoTSS) Data Release I to identify the groups of galaxies (and individual galaxies) from the Hickson Compact Groups and Magnitude Limited Compact Groups samples that emit at the frequency of 150 MHz, characterise their radio emission (extended or limited to the galaxies), and compare new results to earlier observations and theoretical predictions. The detection of 73 systems (and 7 more -probably) out of 120, of which as many as 17 show the presence of extended radio structures, confirms the previous hypothesis of the common character of the magnetic field inside galaxy groups and its detectability. In order to investigate the future potential of low-frequency radio studies of galaxy groups, we also present a more detailed insight into four radio-emitting systems, for which the strength of the magnetic field inside their intergalactic medium (IGM) is calculated. The estimated values are comparable to that found inside star-forming galaxies, suggesting a dynamical and evolutionary importance of the magnetic field in galaxy groups.
Introduction
Galaxy groups -systems where only a few galaxies are gravitationally bound together, contrary to the more abundant clusters -are believed to be so common in the Universe that it is likely that most of the existing galaxies reside inside them (Mulchaey 2000) . While originally expected to express physical conditions similar to the central regions of rich clusters (Hickson 1982) , it was later found that there are more differences between these two classes than common traits. Groups are not as depleted of neutral hydrogen as clusters are and form stars more vigorously (e.g. Huchtmeier 1997 ). Furthermore, studies by Walker et al. (2010 Walker et al. ( , 2012 Walker et al. ( , 2013 showed that infrared colour-colour plots for galaxies in groups, in clusters, and in the field are different: there is a visible deficiency of "normal" star-forming galaxies inside the groups, while both "dead" and starbursting galaxies are common; this behaviour is seen neither in field galaxies, nor in galaxies located in the centres of clusters. Recently, Paul et al. (2017) have presented results of numerical simulations of a sample of low-and high-mass galaxy systems (thus, groups and clusters) that revealed that none of the hydrostatic laws can be scaled from clusters down to the groups owing to a breakdown in the relations that describe these laws. The conditions at which this breakdown occurs are mass below 8 × 10 13 M , temperature lower than 1 keV, and radius not larger than 1 Mpc, which clearly separates groups from clusters. Also, the storage of non-thermal energy and turbulence in groups seem to be larger than previously thought. Last but not least, it is suggestive that groups are, in general, non-virialised systems. As a result, dynamics and evolution of any galaxy group -no matter if poor or abundant -cannot be extrapolated using the relations derived for clusters, and is much more dependent on non-thermal than thermal processes. This draws attention to non-thermal radio emission and the associated magnetic fields.
Contrary to the case of field galaxies, or galaxy clusters, properties of radio emission and magnetic fields of galaxy groups are still scarcely studied. An early study of the radio emission from a subset of the Hickson Compact Groups (HCG; Hickson 1982) by Menon & Hickson (1985) revealed an extended radio structure only in one system, HCG 60, that was mainly due to the presence of a radio galaxy. A handful of groups have been studied in detail (e.g. Kantharia et al. 2005; Nikiel-Wroczyński et al. 2013) . Some of these works A&A proofs: manuscript no. lotss_of_ggroups only considered the active galactic nuclei (AGN) role and feedback (Giacintucci et al. 2011) , not the existence of magnetic fields inside. However, it was possible to state the preliminary conclusion that magnetic fields, wherever revealed, seem to possess enough energy to be non-negligible agents in the dynamics and evolution of their host systems (Nikiel-Wroczyński et al. 2017) . Studies on the radio emission of groups and their member galaxies are also of high importance because of the uniqueness of the environment. As stated by Hickson et al. (1992) , a plenitude of phenomena that are usually not seen in field galaxies, such as morphological distortions or starburst activity, can be found in these objects. Amplification of magnetic field in interacting galaxies, with an increase to the point of nuclear coalescence, has been shown for galaxy pairs (Drzazga et al. 2011) but not for groups, where the interaction history is likely to be more complicated. Since it is not possible to relate the results acquired when studying clusters, gathering a larger sample of testbed groups is of high interest especially at lower radio frequencies, where the thermal contribution is expected to be negligible and the low-energy relativistic electron population can still be discovered. Old, high-energy particles do not manifest themselves at higher frequencies because of the severe energy losses already encountered.
Construction of new instruments orientated towards lowfrequency radio observing facilitated a number of successful studies. Extended haloes of galaxies have been discovered at 150 MHz (Mulcahy et al. 2014 , Mulcahy et al. 2018 , Heesen et al. 2018 along with large-scale, radio continuum structures in clusters, where previously unknown, steep-spectrum relics have been found (van Weeren et al. 2016; Hoang et al. 2017) . Whereas there has been some success in finding groups that host radio-emitting structures with LOFAR (van Haarlem et al. 2013) , such as the discovery of a giant radio galaxy embedded in a galaxy group (Clarke al. 2017) or a study of a sample of Fanaroff-Riley type II (FR ii; Fanaroff & Riley 1974) radio galaxies in groups (by Croston et al. 2017) , no approach to galaxy groups as the main field of interest was made. As structures that are expected to be found in the intra-group space share similarities with intergalactic filaments, tails, and envelopes -structures that LOFAR has already revealed in clusters and single objects -it is clear that surveying radio-emitting galaxy groups at metrewaves with this instrument should be possible.
This work is a first attempt to investigate a larger sample of galaxy groups at the metrewaves and to provide a more detailed insight into the radio emission of a small subsample of radioemitting groups, by exploiting newly available data from the Lofar Two-metre Sky Survey (LoTSS; Shimwell et al. 2017) . With the acquired data, we aim to show that it is possible and worthwhile to conduct deep, high fidelity radio observations of galaxy groups even at very low frequencies. The paper is organised as follows: in Sect. 2 the data and analysis methods are described, in Sect. 3 radio emission of groups is classified on the basis of its character (intra-or intergalactic etc.), and in Sect. 4 a more detailed insight into several examples of radio-emitting galaxy groups is provided and their total magnetic field is discussed. Analysis of the number and type of detections is also provided there. The last section, Sect. 5, serves as a recapitulation of the main findings of our paper.
The data
The low-frequency data used for this project were acquired from the LoTSS and have undergone standard calibration and reduction procedure (as outlined in Shimwell et al. 2017) . To avoid the risk of blurring the emission from multiple entities into one, we chose data sets with higher, 6 arcsec resolution. The radio images, together with information about the r.m.s. noise level (σ) of the particular LoTSS-HETDEX fields, were processed by a script that extracted smaller cutouts centred on each of the groups and superimposed radio contours on a background optical map -an RGB mosaic composed of the gri-band images of the Sloan Digital Sky Survey Data Release 14 (SDSS DR14; Abolfathi et al. 2018) data. Four particular objects were chosen for a more detailed study. In their case, lower (20 arcsecs) resolution data from the LoTSS were also analysed using blobcat (Hales et al. 2012) software. The total flux density of these galaxy groups was calculated on the basis of manual inspection of the masks that blobcat generated. If multiple structures were present, for example galaxies not connected by a common envelope, the final flux density measurement was the sum of the flux density of the individual emitters. Overlays on the optical maps were also made. To allow comparison of low-and high-frequency structures for the sample four objects and to calculate the integrated spectral index and magnetic field strength, we used data from two 1400 MHz radio continuum surveys: the NRAO VLA Sky Survey (NVSS; Condon et al. 1998) , and the Faint Images of Radio Sky at Twenty centimeters (FIRST; Becker et al. 1995) . For consistency, the flux density measurements were carried out in the same manner as on LoTSS maps, with a single exception that fixed σ levels of 0.45 mJy/beam for the NVSS and 0.15 mJy/beam for the FIRST data were chosen.
Results

Radio emission from the group sample
Our sample of galaxy groups consists of "multiple" galaxies in the area roughly covered by the first LoTSS data release from the HCG (Hickson et al. 1992) and Magnitude-Limited Compact Groups (MLCG; Sohn et al. 2016) catalogues. The first of these is the "classic" galaxy group catalogue, which, even though not all of the member objects are genuine groups (Hickson et al. 1992) , is still regarded as a complete sample (e.g. Díaz-Giménez & Mamon 2010). The second sample uses the 'friend-of-a-friend' algorithm coupled with the redshift information to distinguish real groups from apparent groups. Both lists contain objects that are possibly parts of larger structures, such as cluster cores, regions of enhanced galaxy density in the outskirts of clusters, or members of larger, loose groups. As the differences between groups and clusters are still under debate, we decided to keep them in the sample to allow future comparison of these two subsamples ("isolated" groups (I), and those "contained" within larger structures (C)). The total number of systems from both catalogues in the aforementioned area that were taken into account is 120. For all objects, we measured the total flux density at 150 MHz, identified the number of emitting galaxies, and described the type of the radio emission associated with particular systems (see Table 1 ). Two types of radio emission have been introduced: G denotes systems in which the emission only comes from galaxies and E those hosting an extended structure covering at least some of the members. In some cases, the flux measurements were compromised by the presence of artefacts (e.g. caused by a bright nearby source) or the detection was marginal. These objects were marked with an single/double asterisk sign, respectively, and the exact flux measurements are replaced with question marks. Analysis of the radio emission reveals that 73 of the studied objects (19 embedded, 57 isolated) are hosts of radio emission and an additional 7 are probable detections. Out of the aforementioned 73 systems, 17 (6 embedded, 11 isolated) show a presence of extended structures from small, bridge-like structures, to large envelopes encompassing whole systems (e.g. MLCG 1374). Therefore, the percentage of radio-emitting groups in the LoTSS DR1 sample is equal to 61-67%; approximately 14% of all systems show extended, radio continuum structures. This is much more than what was found by Menon & Hickson (1985) , who were only able to detect a radio envelope around HCG 60 (out of 88 investigated systems). Theoretical predictions by Paul et al. (subm. to ApJ) have suggested that between 3 and 21% of galaxy groups should be visible in the radio continuum, depending on the telescope set-up and detections limits. A 14% success rate for the LoTSS seems to be in a good agreement with this conclusion. However, one should be aware of the fact that some of the detected envelopes might be created because of the inclusion of galactic/AGN emission within the beam area; analysis at other radio frequencies is necessary to test if this is a significant effect. Table 2 contains a separate list of measurements for those member galaxies that were found to be radio emitting. The selected sample of systems contains 419 galaxies. Out of these, 110 are certain detections; 9 seem to be emitting, but the contribution of each of these 9 galaxies could not be separated from a larger structure; 17 are probable emitters (detection uncertain owing to the presence of artefacts and a low signal-to-noise ratio); and 283 are not emitting at all. This gives an overall fraction of radio-emitting galaxies in groups of 26-32% (0.92-1.13 emitting galaxy per group). If taking into consideration only the radio-emitting groups, these numbers are 41-51% and 1.38-1.79, respectively. This confirms that a significant number of galaxies in groups are indeed radio emitters.
Close-up view of four sample systems
We selected a few systems of particular interest for a more detailed analysis. The general guidelines for choosing these systems were as follows:
-Confident detection of an extended radio structure at 150 MHz -Lack of bright radio sources that may cause strong artefacts -Half of the sample should come from the isolated subsample, the other half from the contained subsample -Velocity dispersion between the group members should be low enough to undoubtedly identify them as bound together
The selected groups are HCG 60, MLCG 24, MLCG 41, and MLCG 1374. All these systems exhibit intergalactic radio continuum emission and/or clear signs of collision in the radio regime, suggesting the existence of intergalactic, magnetised structures; have a well-known set of members; and their radio emission is not affected by imaging artefacts. The first two are possible members of larger associations; the other two are believed to be isolated.
Contained systems with possible AGN presence:
HCG 60 and MLCG 24 HCG 60 and MLCG 24 are systems that are both suspected to be parts of larger structures. The former (presented in Fig. 1 ) was already identified as a central region of the Abell 1452 cluster (Abell 1958) ; in the case of the latter, no parent structure has been identified so far, but there are hints that it could form a loose group with some of the nearby field objects (Sohn et al. 2016) . The other similarity is that these systems seem to be wrapped around powerful radio galaxies. The well-known HCG 60 hosts a wide angle tail galaxy (WAT), studied in detail by Miley & Harris (1977) , Rudnick & Owen (1976) , and Jägers (1987) : its unusual shape results from its movement through the intergalactic medium (IGM). MLCG 24 was studied more scarcely: analysis of its radio emission (at 1400 MHz) was provided by Berger (2016) , who described the unusual radio structure found inside. The high-resolution LoTSS image of this group (Fig. 2 , upper left panel) reveals a well-defined radio structure, similar in its shape to an inverted letter "S"; it is partially visible in the FIRST data (lower left panel), but much less pronounced and without the eastern "tail" because of the sparse (u, v) coverage of this survey. Both in the NVSS (lower right panel) and in lower resolution LoTSS data (upper right panel), much of the detail is lost, albeit the latter data reveal hints of the S-shaped structure. The total flux density of 926 ± 46 mJy is somewhat lower, but still consistent with the measurement from the Tata Institute for Fundamental Research Giant Metrewave Telecope Sky Survey Alternative Data Release (TGSS ADR) (Intema et al. 2016) , where it was equal to 1085 ± 109 mJy. In case of HCG 60, the low-frequency structure is similar to what has been found at 1400 MHz; the important difference is that much more, and more detailed, emission can be seen. In particular, LoTSS high-resolution data ( Fig. 1 , upper left panel) show almost the same extent as the NVSS map (lower right panel of the same figure), but the structure of the radio galaxy can be easily disentangled from its envelope. The shape of the radio structure suggests that most of the observed emission comes from two swept-up lobes that are connected to the central engine by symmetrical jets. The eastern lobe bends closer to the AGN and is more luminous, signifying that this is the colliding side. It is worth noticing that the radio-loud part of this system is accompanied by much weaker, extended structures, which are presumably lobes and radio-emitting IGM. Data from LoTSS deal well with revealing these areas; the negligible difference between the flux density of the smoothed and non-smoothed maps (see Table 3 ) means that the 6 arcsec resolution does not lead to over-resolving the structure of the group, while simultaneously allowing us to describe its details.These weaker entities are not represented in the TGSS ADR, where the total flux density of HCG 60 is 1810 ± 180 mJy; that is, around two-thirds of what was detected in the LoTSS.
Typical case of a non-AGN-dominated, isolated group: MLCG 41
MLCG 41 can be regarded as a model galaxy group, at least for the sake of discussing its radio picture. It is a moderately dense galaxy system and has a relatively small angular size of 2 arcmins. It features only three galaxies, none of which show hints of strong AGN activity (Sohn et al. 2016) . The central object of this system is a blue, irregular galaxy that is in the process of colliding with the southern edge-on spiral member. Signs of interaction can be readily spotted from the optical images ( Fig. 3 ):
Article number, page 3 of 16 A&A proofs: manuscript no. lotss_of_ggroups strains of loose stars protruding from the irregular galaxy are elongated towards the spiral galaxy. At 1400 MHz, the NVSS image (Fig. 3 , lower right panel) seems to show a connection between the colliding objects, with the maximum of the radio emission in intergalactic space; however, the signal-to-noise ratio of this structure is low, as it barely exceeds the declared 5σ level of this map. Also, presence of extended radio structures with no optical counterparts puts the reality of the supposed bridge in doubt. The FIRST data (Fig. 3, lower left panel) are not helpful in this particular case: no certain detection of radio emission was made. Whereas the data suggest that most of the emission that NVSS recovered is due to weak, extended structures, it is impossible to discuss neither their origin nor morphology. At 150 MHz, LoTSS data reveal a connection between the two galaxies; moreover, the third member of the group, albeit not connected to the rest, is also a radio-emitting galaxy, whereas it was too weak to be detected in the higher frequency data. The flux density measured for the intergalactic filaments is equal to 3.8 mJy, which accounts for approximately 25% of the total flux density (15.4 mJy). This system was not detected in the TGSS ADR (there is only noise at the position of this group), so no comparison is possible.
3.2.3. Distant and angularly small object: MLCG 1374, the 'Wristwatch'
MLCG 1374 is a system that seems to be, similar to the famous "Taffy" pairs of galaxies (Condon et al. 1993 (Condon et al. , 2002 , not a very interesting target while viewing its optical image only. This angularly small quartet is located nearly 300 Mpc from the Milky Way (according to de Vaucouleurs al. 1991) , and three of its galaxies form a nearly-straight line that has a total extent of less than a single arcmin. These star-forming, spiral galaxies are visibly colliding with each other. The 1400 MHz-radio data do not reveal interesting features. Whereas only the central object is visible in the FIRST data (Fig. 4 , lower left panel) with hints of some extensions (although owing to the presence of artefacts they are ambiguous and non-convincing), the NVSS (lower right) shows just a single source of radio emission. The situation gets strikingly different while viewing this system in the LoTSS. The 20 arcsec map (upper right panel) does, similar to the NVSS, show just a single blob of emission (albeit weak extensions could be seen), but the 6 arcsec map (upper left panel) reveals the reason for its namesake. The central galaxy, supposedly an AGN (or a star-forming nuclei), acts like a dial of a wristwatch, wherein the two companions, each clearly showing extended, disc emission, form "belts"; as all three galaxies have consistent redshifts (Sohn et al. 2016) , this means that the radio-emitting structure is a genuine radio envelope of this system. Subtraction of the point sources suggests that the flux of the extended structure is as high as 18 mJy, which is more than 65% of the total flux density. Exact decomposition into galactic discs and intergalactic filaments is, however, impossible at the moment. Similar to MLCG 41, there is no detection in TGSS ADR.
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Discussion
Magnetic field strength
The strength of the total magnetic field contained inside each of the sample systems was estimated from LoTSS 150 MHz data, using the formulae presented by Beck & Krause (2005) and assuming the revised equipartition of energy between the cosmic-ray electrons and the magnetic field principle, which is believed to be kept even in case of starburst activity (Lacki & Beck 2013) . The proton-to-electron ratio is fixed to the typical value of 100; however, the strength and energy density are weakly dependent on this parameter. The final estimates include twice the uncertainties of the flux density at 150 MHz and the spectral index measurements. Pathlengths (d) are defined individually for each of the cases (and discussed in the following paragraphs). To calculate the strength of the magnetic field in each of the systems, we used the flux densities from Table 3 , assuming that the 150 MHz flux density is purely non-thermal, and a constant, 10% thermal fraction at 1400 MHz, which, according to Niklas et al. 1997 , is the typical value for spiral galaxies. These values were transformed into intensities, taking into account the extent of the radio emission.
Unfortunately, it is not possible to calculate the spectral index distribution. The snapshot character of both the FIRST and NVSS results in a much sparser sampling of the (u, v) plane in these data. In addition, the loose B-configuration of the Very Large Array interferometer used in the former survey introduces missing zero-spacing flux problem. Owing to this incompatibility, it is only possible to either derive the spectral index for point sources (using FIRST data) or its integrated value for the whole systems (using NVSS). As an analysis of the point sources, such as the active cores of MLCG 24 and HCG 60, is beyond the scope of this paper, we only derive the integrated, non-thermal spectral indices. Parameters used in the calculation of the magnetic field, as well as the estimated strengths, are placed in Table 4 .
The magnetic field strength for HCG 60 was estimated from the 1400 and 4860 MHz data by Nikiel-Wroczyński et al. (2017) as 3.2 ± 1.7 µG. Owing to the fact that this study used mainly low-resolution, high-frequency data to overcome the possible missing zero-spacings flux issue, the pathlength through the source was estimated as 100-300 kpc, assuming spherical symmetry. Analysis of high-resolution LoTSS data ( Fig. 1) suggests that the radio envelope contains two separate lobes of the radio galaxy; therefore, the assumed pathlength should be at most 110 kpc. Taking half of this value as the lowest estimate of this parameter yields a total magnetic field strength of 6.8 ± 1.1 µG. This accounts for twice the previously known value (Nikiel-Wroczyński et al. 2017) . However, in the previous study it was possible to disentangle the emission from extended and compact sources, this being a probable reason for the observed discrepancy. For MLCG 24 a similar approach was chosen. Under the assumption of cylindrical symmetry and using the width of the radio jets as an estimate of the diameter, the pathlength is fixed as 20-30 kpc. Here the estimated strength of the magnetic field is 9.0 ± 1.0 µG. Given the large size of the radio structures, the minimum velocities of the electrons necessary so they would be transferred from the regions of acceleration (cores) to the outskirts of the IGM are approximately 500 km/s for MLCG 24 and 650 km/s for HCG 60; this is comparable with the estimates given for HCG 15
by Nikiel-Wroczyński et al. (2017) .
For MLCG 41 and MLCG 1374 a common method of the pathlength estimation was also used. Similar to AGN-hosting groups, the cylindrical symmetry is used -in this case as the upper limit (20 kpc for the former and 25 kpc for the latter). The lower value is set to the expected scaleheight of the radioemitting disc of the face-on galaxies present in both of these groups. This parameter can be different for different systems: Heesen et al. (2009) gave the value of 1.7 kpc for the thick disc of NGC 253, Beck (1991) argued that in case of NGC 4631 the value is equal to 1.9 kpc (later assumed to be app. 2.3 kpc; see Krause 2014) , and for NGC 891 the scaleheight should be approximately 4 kpc. Finally, Soida et al. (2011) estimated this parameter to be as large as 8 kpc in case of NGC 5575. We decided that in both cases the lower estimate is fixed as 4 kpc, so it moreover falls between the maximal and minimal reported values. The strengths of the total magnetic field for these systems are then 5.9 ± 1.6 µG for MLCG 1374 and 8 ± 3 µG for MLCG 41. Minimum velocities of electrons are of an order of magnitude lower than in case of HCG 60 and MLCG 24: 60 km/s for MLCG 41 and 100 km/s for MLCG 1364. However, these values describe the mixed input from galaxies and the space between them; it is desirable to derive values for the intergalactic space only. Whereas flux density estimates for the extended filaments detected in the LoTSS have already been presented in Sections 3.2.2 and 3.2.3, lower sensitivity at 1400 MHz makes it difficult to provide the information necessary to calculate the spectral index of these features. In order to overcome these hindrances and provide an, albeit rough, estimate for the intergalactic magnetic field in both of these systems, we made an assumption that the spectrum of the emission associated with the IGM is rather steep; it has an index of app. 1. Other parameters were left unchanged. Re-doing the estimates with these new inputs yields total magnetic fields as strong as 4.9 ± 1.1 µG for MLCG 1374 and 5.8 ± 1.3 µG for MLCG 41. Albeit somewhat lower than derived before, these are still considerable strengths, meaning that the observed radio envelopes could easily form by transporting electrons from actively star-forming galaxies.
In all of the cases, the derived mean magnetic field strength is generally comparable to what is expected to be found in field galaxies, as Niklas (1995) calculates the typical value for spiral galaxies to be equal to 9 ± 1.3 µG. These values are somewhat lower at most half of an order of magnitude than that found inside the intergalactic regions of the Stephan's Quintet (Xu et al. 2003; Nikiel-Wroczyński et al. 2013) or inside the radio bridges of Taffy I and Taffy II systems (Drzazga et al. 2011) . In all the above literature examples, the magnetic field is expected to be able to alter the gas dynamics due to the input of the energy contained within. Owing to that fact, we can then conclude that a similar situation is likely to happen in the four sample systems from this study. It should be noted that this energy output is unlikely to disturb the global movement of the gas (due to the rotation of the galaxy), but it certainly influences its local behaviour.
How widespread is the radio emission in galaxy groups?
As mentioned in Sect. 1, not much is known about the radio emission in galaxy groups. The only survey study of a large set of galaxy groups -that of Menon & Hickson (1985) -revealed only one extended radio structure in a galaxy group, and 32 additional systems in which galaxy-bound emission was found Notes. Description of columns: N G -number of galaxies in the group; z -redshift (spectroscopic); D -approximate distance to the system, calculated from redshift, assuming H 0 = 73 km/s/Mpc; σ V -velocity dispersion; Φ -physical diameter of the system (from optical data); The last four columns contain the flux densities from the respective survey data. * signal-to-noise ratio does not exceed 2.8. (in 44 galaxies). This would mean that only 33% of galaxy groups are sources of radio emission and only 10% of galaxies in groups are detectable in the radio regime. Compared to these numbers, LoTSS data seem to reveal a lot more detections: approximately two-thirds of galaxy groups from our sample are radio emitters, and around 30% of all galaxies are detected. Furthermore, as many of 17 galaxy groups exhibit extended radio structures at 150 MHz, compared to just one detected by Menon & Hickson (1985) at 1635 MHz, meaning that this type of radio emission is not as unique, as originally thought; this conclusion is supported by the previous findings (e.g. by Giacintucci et al. 2011 , Nikiel-Wroczyński et al. 2013 , or Nikiel-Wroczyński et al. 2017 . A direct comparison of the results can be done for HCG 56 and HCG 60, which are included in both of the studies. While at 1635 MHz each of these galaxy groups hosts just a single radio-emitting galaxy, all members of HCG 60 and 4 (out of 5) members of HCG 56 are detected at 150 MHz. There are also hints of an extended structure in HCG 56, while it was just a point source at 1635 MHz.
It is also worthwhile to compare the detection rate to that estimated by Paul et al. (subm. to ApJ) . Depending on the given detection limit, we can expect to detect radio emission in 3-21% of the studied systems; the exact flux density depends on a number of parameters, for example the mass of the host system. The success ratio of 14% acquired with LoTSS data fits well with the predictions; however, to fully evaluate the mass-flux density relation given by Paul et al. (subm. to ApJ), a more detailed study is needed. This will be included in a subsequent paper.
Conclusions
We have carried out a pilot study of the radio emission from galaxy groups using LoTSS data. As many as 73 galaxy groups out of 120 are detected in the radio continuum at 150 MHz (possibly 7 more). Out of these samples, 17 host intergalactic, radioemitting structures, signifying the presence of intergalactic magnetic fields in galaxy groups. Eight additional systems are probable emitters. Out of 419, 110 galaxies are found as certain, radio-emitting galaxies; an additional 26 stand for possible detections as well. This means that an average number density of radio-emitting galaxies is 0.92-1.13 per group. All these numbers are significantly higher than those presented by and calculated from the data of Menon & Hickson (1985) , suggesting that continuum radio emission (especially the extended one) is much more widespread, than previously thought. A detailed study of four objects (selected among the aforementioned 17) suggests that these systems -HCG 60, MLCG 24, MLCG 41, and MLCG 1374 -host relatively strong (≈ 6 − 9 µG) magnetic fields. This strength is comparable both with typical values reported for spiral galaxies by Niklas (1995) , and those of a small sample of galaxy groups studied by Nikiel-Wroczyński et al. (2017) . At the same time, they are somewhat lower that those found for intergalactic structures inside Taffy systems (interacting pairs with member galaxies connected by a radio continuum bridge, Drzazga et al. 2011) . As the physical conditions in the gas, for example a lack of strong thermal sources, inside MLCG 41 and MLCG 1374, are likely to be similar to that of the Taffy systems, it can be expected that the magnetic fields have an impact on the local gas dynamics of these systems. Compared to the higher frequency observations, LoTSS data for these four Article number, page 15 of 16 A&A proofs: manuscript no. lotss_of_ggroups systems show similar or larger extent in the radio continuum, while the accuracy in portraying the small-scale structures is on a comparable, or higher level, providing a unique chance to disentangle particular radio emitters from their surroundings.
